Apparent molar volume, v and apparent molar adiabatic compressibility, of sodium dodecyl sulphate (SDS) in water and in 0.1 mol dm −3 aqueous solutions of LiCl and NaCl have been determined form density and speed of sound measurements. Both these parameters are found to be highly sensitive to the presence electrolyte, in the concentration range ∼0.001-0.01 mol kg −1 , which corresponds to the pre-micellar region of SDS; it indicates extensive intermolecular hydrophobic interaction in the presence of electrolytes. From a comparison between the two electrolytes in affecting the v and values, NaCl is found to be more effective than LiCl. Above ∼0.01 mol kg −1 , the data indicate that solution loses its hydrophobic hydration character due to the micellization of surfactant. The constancy in v and values further suggested that no structural-transition occurs under these experimental conditions. Classic structural hypothesis of hydrophobic hydration proposed by 'Frank and Evans' [1(a)] has been invoked to account for the negative v and values of SDS observed in aqueous solutions of LiCl and NaCl. All these observations are ultimately found to justify that salt induced hydrophobic interaction is much more effective than solvent induced, however, the contribution of hydration characteristic of the ions is also found to play its own role.
INTRODUCTION
Hydrophobic interaction has been the subject of intensive studies since the review by Kauzmann highlighted its implication in relatively complex biological processes. 1 Besides, academic interest, the phenomenon is of potential significance in the processes of technological importance, such as extraction, solubilisation, phase-transfer catalysts (PTC), polymer folding and unfolding equlibria, the specific aggregation of polymers to form supramolecular structures etc. [2] [3] [4] [5] [6] [7] In case of surfactant molecules, which contain a hydrophilic head group and a relatively large hydrophobic tail, the implication of this phenomenon is reflected in the anomalous concentration dependence of their various physico-chemical properties in aqueous solutions; 4 this happens due to the aggregation of surfactant molecules called 'micelles'. It does occur, however, only when the surfactant concentration exceeds a critical concentration, known as 'critical micelle concentration' (CMC). This property of the surfactant solutions renders them highly versatile in their applications, 7 mediating conformational change in protein and polymer molecules, etc. 5 6 In addition, surfactant molecules are preferred to normal PTC in catalytic processes because of their bi-functional catalytic effect, 4 i.e., in their presence the reaction can proceed by two catalytic pathways; PTC pathway and a micellar catalytic pathway. The most recent motivation for the use of surfactant mediated reactions, however, relates to 'Green Chemistry' and the formation of microemulsions as template for synthesis of nanomaterials. 8 9 The structural characteristics of the surfactant molecules, as pointed above, demonstrate unequivocally that at surfactant concentrations < CMC, i.e., premicellar region, where subtle combinations of hydrophobic and hydrophilic interactions are operative, the stability of surfactant molecules are subject to change with the experimental conditions. In the present work we studied the solution behaviour of sodium dodecyl sulphate (SDS), in aqueous solutions of LiCl and NaCl. However, our interest here is to rationalize the effect of these two electrolytes, ARTICLE especially on pre-micellar solution behaviour of SDS by examining the behaviour of its two fundamental properties, namely apparent molar volume, v and apparent molar adiabatic compressibility, ; both these parameters are known to be highly sensitive to the solvent structural consequences of solute-solvent interactions. [10] [11] [12] [13] [14] Finally, to the best our knowledge no such work as volumetric and compressibility of SDS in aqueous electrolyte solutions have been reported in literature.
EXPERIMENTAL DETAILS

Materials
Water, deionized with a Millipore-Elix system was used in all experimental measurements. However, the sample collected for use was of conductivity,
(1-2 × 10 −7 S cm −1 and pH∼7 at 25 C. Sodium dodecyl sulphate (SDS) of AR grade was obtained from s d finechem. Limited; a pure sample of SDS was obtained as described in literature. 12 Sodium Chloride (NaCl) and Lithium Chloride (LiCl) GR grade were obtained from E. Merck Both these salts were dried in vacuum for about 48 hrs at ∼140-150 C before use.
Apparatus and Procedure
Aqueous stock solutions of SDS of various molar concentrations (1-100 mmol · dm −3 were prepared by the addition of small aliquots of concentrated stock solution of SDS to 10 mL of 0.1 mol·dm −3 aqueous solutions of NaCl and LiCl prepared as a solvent medium. Before subjecting the solution to measurements, the sample was gently stirred with magnetic stirrer. Density, d and speed of sound, v data of the SDS solutions thus prepared were obtained with a high -precision Anton Paar Density and Sound Analyzer -5000 (DSA -5000). The instrument was however calibrated with de-ionized water at 25 C. The value of density and speed of sound for water was found as 996.985 kg m −3 and 1496.82 m s −1 respectively. Similar procedure was followed in respect of the aqueous solutions of SDS. The reproducibility of speed of sound and density data was ±0.2 ms −1 and ±2 × 10
respectively over the entire concentration range of SDS. All measurements were carried out at 25 C with a precision of ±0.001 C. Table I exhibits all the obtained experimental data. The data reported in Table I were used to calculate the apparent molar volume, v and apparent molar adiabatic compressibility, values from the following relations:
RESULTS AND DISCUSSION
where m is the molality of the solution, which was calculated from the molar concentration data using the relation: respectively. Figure 1 demonstrates the effect of 0.1 M: LiCl ( ) and NaCl ( ) on v values of SDS in aqueous solution ( while Figure 2 shows the effect of 0.1 M: LiCl ( ) and NaCl ( ) on values of SDS in aqueous solution ( . In both the figures, the presence of LiCl and NaCl is seen affected markedly the v and values of SDS in aqueous solutions. However, the results presented in these figures can be summarized as follows. In the first place, v and values in aqueous solutions are relatively insensitive to SDS concentration. Second, v and values falloff appreciably and become negative in the presence of LiCl and NaCl, however, they become less negative as the SDS concentration is increased. Finally, this behaviour is seen to occur within a very narrow range of the SDS concentration (0.001-0.01 mol kg −1 , and tend to be practically insensitive to the presence of these electrolytes as SDS concentration is increased further.
The pronounced sensitivity of v and values observed over a concentration range, 0.001-0.01 mol dm −3 of SDS to the presence of LiCl and NaCl is an important contribution of these electrolytes towards the solution behaviour of SDS in this concentration range. Incidently, because this concentration range coincides well with the pre-micellar region of SDS (CMC value of SDS in aqueous solution is ∼8 mmol dm −3 , 17 where SDS exists as normal electrolyte dissociated into DS − and Na + components, the electrostatic binding of Li + and Na + ions furnished by LiCl and NaCl is expected to occur at the negatively charged headgroup of DS − . As a result, the electrostatic repulsion between the polar head groups reduces, strengthening the pre-micellar association between the hydrocarbon chains. In other words, the observed effect of LiCl and NaCl in pre-micellar region can be ascribed to a gain in the intramolecular hydrophobic interaction between the hydrophobic groups associated with the negatively charged head group of the SDS molecules. This interdependence between the closer associations of polar head groups propagated into the attached hydrocarbon chains is expected to have important implications in the behaviour of the biological membranes. 18 However, it is of particular interest to note that NaCl is more effective in reducing the v and values of SDS than LiCl. In view of the above interpretation of the data, it does appear that Na + ion induces hydrophobic interactions between the alkyl chains of SDS more effectively than Li + ion. This can be expected due mainly to the closer approach of Na + ion to the oppositely charged polar head group, than Li + ion. This agrees with the sequence: Na + > Li + observed by Mukerjee et al. for their binding ability to anionic surfactant. 19 It is also in good agreement with the electrostatic aspects of ion binding specificity, i.e., for ions of the same charge their hydration dominates over the ion -size effect of closest approach. However, we expect an additional positive contribution to the observed ability of Na + ion to reduce the v and values of SDS more effectively than Li + due to the common ion effect. At higher SDS concentration, i.e., above ∼0.01 mol kg −1 , the data tend to indicate that v and values are not only independent of SDS concentration, but also lacks discrimination between Li + ion and Na + ion as regard to their effect on these parameters. A qualitative explanation of this observation is apparently that above 0.01 mol kg −1 of SDS, the solution loses its hydrophobic hydration character. Moreover, in the concentration range >0.01 mol kg −1 micellization is expected to occur. The constancy observed in v and values can be seen as suggesting further that the necessary gain in hydrophobic interactions due to the presence of NaCl and LiCl is not sufficient to induce structural transition, as has been reported by Hayashi and Ikeda 20 from the light-scattering measurements. These authors have shown that rod-like micelles are formed in SDS solutions at concentration well above its CMC value if NaCl concentration is very In an effort to account for the negative v and values of SDS in aqueous solutions of LiCl and NaCl, we invoke classic structural hypothesis of hydrophobic hydration suggested by 'Frank and Evans'.
ARTICLE
1 a According to this hypothesis, hydrophobic hydration of apolar solutes in solution produces a structure similar to that of "iceberg" within which the water molecules, although labile, are subjected to restriction due to the extensive hydrogen bonding. This is also suggested to support the negative entropy and compact solvent structure that lead to increase in density, from a large number of investigations. 2 Thus the most likely reason that is expected to make v and values negative is due to the disruption of hydrophobic hydration structure as a result of extensive hydrophobic interactions between the hydrophobic moieties of SDS in the presence of LiCl and NaCl, which is the thermodynamic basis of hydrophobic interactions. 3 This interpretation might also help in explaining the positive and relatively insensitive v and values to SDS concentration observed in the absence of electrolyte. It is believed that in pure water, the hydrophobic moieties of SDS remain hydrophobically hydrated in the concentration range <0.01 mol kg −1 and prevented from coalescing until the critical concentration is reached.
In view of the above explanation, a possible reason for the sharp increase in v and values with SDS concentration between 0.001 -0.1 mol kg −1 is certainly due to the substantial loss of hydrophobic hydration until the critical concentration is reached, where it coalesces to form micelle and hydrophobic hydration character lost completely. This interpretation is also plausible, because a good correlation is found to exist between v and values when examined as a function of SDS concentration ( Figs. 1 and 2 ).
CONCLUSIONS
All that have been observed from the present study seem to justify the conclusion that (a) salt induced hydrophobic interaction between the hydrophobic groups of the ionic surfactant is much more effective than solvent induced, but nevertheless, comparing the behaviour of SDS in LiCl and NaCl, the effect is seen to depend on hydration characteristic of the Li + and Na + ion, and (b) hydrophobic interactions responsible for the selfassociation of surfactant molecules vary with the experimental condition; in this respect we are now concentrating on the pre-micellar solution behaviour SDS in aqueous mixtures of such solvent systems which have a substantial influence on the three -dimensional structural of water. The work is underway and shall be communicated shortly.
